TO:

DATE:

FROM:

SUBJECT:

Memorandum
From the office of
Commissioner Bob Burns

Arizona Corporation Commission
1200 W. WASHINGTON
PHOENIX, ARIZONA
(602) 542-3682

Docket Control
July 29, 2014

Commissioner Bob Burns

IR

Arizona Corporation Commission

DOCKETED
JuL 29 201

DOCKETED 8Y ;%
A K-/ "

AN Y

ORIGINAL

Emerging Technologies in Energy, Docket No. E-00000J-13-0375

The agenda and presentations from the July 28, 2014 Emerging Technologies Workshop
have been docketed. If for some reason you cannot access eDocket, please contact my

Executive Aide, Jessica Perry, to receive copies of the presentations.

Original and thirteen (13) copies of
the agenda and presentations filed this 29" day of
July, 2014, with:

Docket Control

Arizona Corporation Commission
1200 West Washington Street
Phoenix, Arizona 85007

Copies of the memo mailed
this 29" day of July, 2014, to:

Service List

P

=2

-

e

r_z T

3 ~No

[apTew O
oo

2= >

=55 o

Lad

[



REVISEDNOTICE
SPECIAL OPEN MEETING
OF THE ARIZONA CORPORATION COMMISSION

Commission Workshop on Emerging Technologies
Docket No. E-00000J-13-0375

DATE: Monday, July 28, 2014 START TIME: 9:00 a.m.

Arizona Corporation Commission
Hearing Room One
1200 W. Washington Street
Phoenix, Arizona 85007

This shall serve as notice of a special open meeting of the Arizona Corporation
Commission at the above location for consideration, discussion, and possible vote of
the items on the following agenda and other matters related thereto. Please be
advised that the Commissioners may use this open meeting to ask questions about
the matters on the agenda; therefore, the parties to the matters to be discussed or
their legal representatives are requested, though not required, to attend. The
Commissioners may move to executive session, which will not be open to the public,
for the purpose of legal advice pursuant to A.R.S. §§ 38-431.03.A.2, 3 and/or 4 on
the matters noticed herein. The Commissioners may also move to executive
session, which will not be open to the public, for other purposes specified in A.R.S.
§§ 38-431.03, including discussions, consultations or considerations of Commission
personnel and salary matters, on matters noticed herein.

The Arizona Corporation Commission does not discriminate on the basis of
disability in admission to its public meetings. Persons with a disability may request
a reasonable accommodation, such as a sign language interpreter, as well as request
this document in an alternative format, by contacting Shaylin A. Bernal, phone
number (602) 542-3931, E-mail sabernal@azcc.gov. Requests should be made as
early as possible to allow time to arrange the accommodations.

Jodi Jerich
Executive Director

Agenda
Welcome & Opening Remarks
Presentations:

1. Tucson Electric Power
a. Jim Taylor

Senior Director of Engineering & Operations Technology
“TEP’s Distribution Automation Strategy”



REVISED AGENDA - July 28, 2014
Page 2

2. Arizona Public Service
a. Brad Albert

General Manager, Resource Management
“Wholesale Market Evolution and the Energy Imbalance Market”
b. Scott Bordenkircher

Director, Technology Innovation and Integration
“Technologies for a Flexible Grid”

3. Stealth Software
a. Gerard Warrens

CEO
“The Role of Utilities in Connected Cities”

4. Arizona State University
a. Dr. Sayfe Kiaei

Professor of Electrical, Computer & Energy Engineering
Director, Connection One NSF Center
“Alternative Energy Integration with the Grid”

Wrap-Up & Closing Remarks




Distribution Automation Strategy

Jim Taylor

Senior Director
T&D Engineering and Operations Technology
Tucson Electric Power

July 28, 2014

TEP

Technological Advancements
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New technologies are available and are being developed

TEP for all facets of the electrical grid
2

7/28/2014




Short Term (Next 5 years)

o Short term strategy
— Ability to operate distribution similar to transmission system

o Short term goals
— Modernize distribution feeders
— Implement automation technologies
— Modify distribution control and operations functions
— Develop operating tools for incorporating generation into distribution system
— Deploy sensors to strategic assets

o “Implement at the speed of value”

Foundational Need

o Communications

— Network of networks
— Device to device
— Device to collector
— Backhaul infrastructure

TEP 4

7/28/2014




Meter Strategy

o AMR Meter Deployment
— Data gathered via fixed network
— Data stored securely in meter data management system

o Strategy Capabilities
— Interval data collected and stored for all customers

— Use interval date to calculate different rate billing
determinates

— Ratemaking capabilities
— Service outage and restoration messages

Automation Technologies

o Demand Response/Energy Efficiency
— Volt/Var pilot projects

o Pilot Objectives

— Optimize distribution equipment usage to provide energy
savings to customers

— Test options to use voltage reduction for demand
reduction

TEP 6

7/28/2014




Modernize Distribution Feeders

o Remote Distribution Line Switching
— Strategically implement distribution switches that can be
controlled remotely.
— Limit truck rolls
— Support automated outage restoration in future
o Distribution Feeder Status
— Pilot Grid Advisor project
- Grid awareness
— Provide distribution feeder information
— Real-time indication of outages, faults and other events

Distribution Control & Operations

o Distribution System Awareness

— Distribution Management System (DMS)
— Single view of the distribution system
— Alarm management
— Remote operation of distribution switches
— Operator studies (“what-if” scenarios for switching)
— Phase balancing studies
— Control of volt/var system

TEP 8

7/28/2014
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Distribution Control & Operations

o Data as an Asset
— Pl server as repository for system data

— Pl screens for real-time maintenance data viewing and
alarming

— DG solar data viewing
— Solar radiance forecasting

TEP 9

7/28/2014
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Grid Evolution

Flexible grid needs to address many items that the traditional grid was never designed to handle...

Challenges

Relay Coordination

Design Standards and
Communications

Cost and Economies of
Scale

Peak vs. Non-Peak &
Interconnection
Standards (125%,

Centralized vs. De-
centralized

Traditional

Grid
1-Way Power Flow

Seasonal Voltage
Settings

Base Load Generation

Planning Criteria

Load/Generation
Matching

Flexible
Grid

2-Way Power Flow

Dynamic Voltage

DE Intermittency

v Sizing for Increased DE

Load/Generation
Mismatch

Enabling Technologies

7. ..
Solar Generation
Forecastil

Integrated Volt/Var
Control

I
m Fast Response Storage |

Operational Challenge: PV High Pen

Pomer Outit, %
% ¥ 88583888
—T

a
=T

Instant
variability

3+

Steep ramp
rate of backup
generation

Power Ramp Events on Partly Cloudy Day
High definition power profile of 1MW plant at 1-sec resoiution

1MW PV System Power Production Profile

" (Sep 2 2011). 1310

1311 1312 1313

Local Date & Time (Eastern)

Circuit J1: Voltage Exceeds Planning Limit
10-second average PV plant service voitage often above +5% at midday

Voltage control at
distribution level

Voltage management will be
critical as penetration levels
increase...
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Foundational Blocks of Flexible Grid

EMS/ADMS

Highly advanced operational
platforms

Communicating Devices
Robust system health/

Status: Currently connected

Signa st D)

m_HCW.ﬂ_ij_ mim_\m:mmm“ Uo.ﬂ_l_ >nmwwmawwmm WM,-_M:“E 07:21
local and regionally SSID: Meraki

Channel: 149 - 6.746 GHz (11n, 40Mhz channel)
Packets: 53899 sent, 244320 received
Data: 6.9 MB sent, 22.8 MB received

Automated Switching

Remote operation for
approximately half of the
distribution system

Advanced Metering Infrastructure

Current deployment ~ 1,250,000 meters
More than 1,600,000 truck rolls avoided to date R i

o

Remote Connects/Disconnects =

Rate Changes i
ol

Reduced potential for motor vehicle accidents
~ Lower gasoline consumption

Greater customer information and flexibility

Enables additional customer program offerings
- Pick-a-Due Date

- Pre-Pay Pilot

— Home Energy Information Pilot

Operational and planning benefits
— Transformer Load Management

— Voltage Management

- Outage Management
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ADMS: Major Enabling Operational Platform Utility Technologies

Implement an Advanced Distribution Management System to expand o )
situational awareness and remote control capabilities * Predictive/Preventative

— Outage Management |#m:m.noﬂ3m_\0=>:m_<mmmzozmnmzo:A._.O>zv
o Trouble Call Management O —

T e e .

Crew Management
Outage Notification
— Distribution Control and Awareness
Breaker Control
- Remote Control of Feeder Devices

- Situational Awareness of Distribution
Equipment

— Advanced Applications
- Load Flows (balanced and unbalanced)
Fault Location
Training Simulator
Event Playback
Restoration Switching Analysis

— Substation Health Equipment Monitoring
— Distribution Asset Monitoring
— Distribution Fault Anticipation

— Phasor Measurement Units

Anatomy of a Transformer Failure Acetylens ppm, by sample date

.
10 o
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Distribution Automation: Voltage Drop — IVVC Impact

The “Self-Isolating/Healing” Grid Flatten voltage across the feeder, mitigate voltage
T TS — injections, and ensure voltage standards are met

Recloser
remotely switchable sections
Customer Impact Reduced by 2/3

Substation
B o

AR

Customer voltages
verified with AMI
meter reads

Voltage reduced at
substation

Substation A Normally Substation B
il 1 Open TS

End customers
continue to see

Voltage Profile (Original)

1
I
I o acceptable voltage
©

“ ! Recloser DMS sends DMS verifies \ 2 Voltage Profile with IVVC ‘
| . ! senses open command capacityand oD >

Fault & to isolate faulted sends

Locks Out section close

command

Increasing Distance from Substation =
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What's Next? Questions

- Distributed solar generation will continue to
grow at an exponential rate

+ Microgrids will become a valuable part of
energy and grid reliability mix

- Energy storage important but will only be cost
effective in niche circumstances for the next 5
years

« Electric Vehicles will continue to slowly
infiltrate transportation

+ Home Energy Management will
continue to permeate as the
market develops

Scott Bordenkircher
Director, Technology Innovation & Integration

Scott.Bordenkircher@aps.com

Qaps
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Wholesale Markets APS Trading Process Spectrum

3 Years to Next Current Month

. ._.._‘m.m___.z.ozm_ real-time transactions have Month to Next Day Current Day
rigidities :
— Typical block m_Nm.m of _<=.2m R
— Smallest trade window is hourly . Short-Term Trading (IR
Commodity Hedge ; . |
Next Month to 3 Years Load and Weather ~wmm_-._.=3m Trading
| « These rigidities, combined with greater Powerand Gas Trading | Forecasting e enthor
| enetration of variable renewable g oSO | Next Day to Balance of the | Forecasting
| U . Procurement Month Power and Gas ]
generation, have produced a landscape Tading Dispatch Generators/System
where creative solutions are now being Procurement " | intraday Power and Gas
pursued to capture additional efficiencies Trading
Intraday Transmission
Procurement
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EIM - Renewable Integration

« Will participants will be able to solve renewable
integration issues through the EIM?

Yes and No

EIM works to manage variability over a very short
time frame but is not designed to aid in large
ramping needs

Every participating Balancing Authority must still
comply with WECC and NERC standards

Must have enough resources to meet load w/out EIM
Checks in place to ensure participants follow rules
Penalties for noncompliance

APS Typical March Load after Solar Gen Adjustments

Load Net of Solar

4,300

, AN
VA [ ~

5300 ~-_2s Potential over-generation

T ———/ followed by a 3-hr 1,500 MW
ramp in 2027

1,800

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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EIM - Savings

« How much savings will participation in EIM
provide?
- Savings need to be quantified

— Modeling real world EIM outcomes is
extraordinarily difficult

— Many assumptions must be made regarding:
» Transmission business practices
+ Hydro resource participation

« Penalties, added fees and unforeseen costs which
can’t be modeled

EIM Participant Activities

- PacifiCorp has committed to join the
CAISO EIM
— First participant to join in West
- “Go-live” date October 1, 2014

« NV Energy also joining
— Aiming for an Autumn 2015 start date

Q
&
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APS Points of View

- Participation in an EIM could compiement APS
current trading practices

« Provides the potential to lower APS customer
cost
— Because EIM is in its initial stages, there are

numerous details that need to be sorted out

- APS is reasonably well positioned to
effectively manage the future influx of
renewable generation
— Diversification of renewable types/locations
— Flexible generation additions

APS Approach

« Currently evaluating EIM and its potential
impacts to APS and its customers

- Participate in CAISO EIM processes
— Transitional Governance Committee meetings
— Ongoing stakeholder processes

+ Closely monitor PacifiCorp EIM
participation outcomes
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Smart Grid, IT Spending, Urbanization

» At its core, the smart grid is a system of two-way communication between end-
customer and utility.

= The smart grid is the beginning of IT and Operational Technology convergence.
= The operations side of the utility is becoming very IT oriented

= IT spending among US utility industry has grown 11 per cent from 2010 year over
year, compared to an average of 2.6 per cent in all other industries.

= Cities - 75% of energy produced is consumed by cities

= Urbanization - 50% of the world’s population lives in cities today and 70% of the
global population is expected to live in urban environments by 2050

Source: Frost & Sullivan analysis., Steaith Software

J\ STERALTH

Information is a Key Enabler

Information will:
= Power new pricing mechanisms

= Enable new customers programs like demand response and energy rebates
via usage and payment behavior analyses

» Facilitate operational efficiencies via more accurate load analyses and
forecasting to reduce the frequency of firing peak plants

= Provide more advanced guidance on building and placement of renewable
generation

= And more...

J\ STEATH
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Urbanization Challenge

50% of the world’s population lives in cities today and 70% of the global population is
expected to live in urban environments by 2050 .
b 4 Key Drivers

Growth/ Development/ Acuteness of:
— Terrorism, Crime and Emergencies

100% | Urban
| population 89%
| share by 84%
| continent
| )
| — Road congestion

|

62%

— Energy consumption
2007 — Gas emission and waste contamination
2050 — Demographics

Need/ requirement for:

— Clean water and air storage

Africa Asia Europa  Latin America  North — Effective transportation networks

America

— Reliability and efficiency of energy

Source: UN Population Division, World Urbanization Prospects
. . o ) — Safety and Security
+50% of the worlds GDP is produced in Cities with

over 750k population — Connectivity and Communication

AN G (AR MEE D COTRUMER/ ) EiEe Ability and necessity to transfer current approach of
o . urbanization development to the format of Safe and Smart
+80% of the world Co2 Emissions are from cities Cities

ce: Frost & Sullivan a

J\ STERLTH

How SMART drives SAFE and Vice-Versa

SMART Buildings: At least
50% of Bu gs Will be

Green and Intelligent Built
with BIPV; 20% of the

SMART Mass Transport:
, Multimodal Transport Hubs
~ \Providing Excellent Air, Rail, Road
Connectivity to Other Mega
Cities.

‘SAFE’ {

SMART
Energy: 20%
of Energy
Produced in

SMART the City Will

Technology: be Renewable

Intelligent (Wind, Solar

Communication etc).

Systems

Connecting

Home, Office, SMART GRID:

iPhone and Car Infrastructure to

ona Single Enable Real Time

Wireless IT Monitoring of

Platform. Power Flow and

Provide Energy
\ Surplus Backto
Satellite Towns: Main the Grid.

SMART Cars: At least 10% of Cars
will be Electric Vehicles. Free Fast

Charging Stations at Every Half Mile.

Source: Frost & Sullivan analysis

City Centre Will Merge
with Several Satellite
Towns to Form ONE BIG
MEGA CITY.

Source: Google Images

J STEALTH
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One secure, cost effective IT platform for the Utility Industry

Utility Business Intelligence &

Analytcs [ Generation Scheduing | Optimizing the Utilities behind the Scenes
i i - Distribution Design Tool
Active m:q>ﬂmwwﬂww MM__M for Utilities Load Forecasting IS w_:”_u__omzo:m
— STERALTH
Meter Data Management - — Transmission Outage
Smart Metering Smart Grid Applications Management Applications
Fixed Layer
for all _ SharePoint 2010 < STEALTH i _
T 1 I T i
Applications : Q&A
- i A\ . @ Hitachi Dats Systems
imon {7 Windows Azure @ \ IBM
No Vendor | e s o EMC n o
Lock-in A
’ ’ Bt x«\ o




ARIZONA STATI
UNIVERSITY (CONNLCTION ONE

“Alternative Energy Integration with
the Grid”
ACC

Sayfe Kiaei
Professor of Electrical, Computer & Energy
Engineering
Director, Connection One NSF Center

7/25/14 C(( CONNECTION ONE 1

IEnergil demand and emissions have doubled ETP
b i the past 4 S 2012

Total primary energy supply - Energy-related CO, emissions

600

:: / ) /
“ 300 /_/ o
—

Gt co,
a
w o

200 10 s
100 - S e
o 0
1971 1980 1890 2000 2009 1871 1980 1590 2000 2009
e World OECD Non-OECD

a CO, emissions from 14Gt to 30Gt

= Since 2005, non-OECD countries
emit more than OECD

2
Source: |EA statistics
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Energy Today

* 85% of U.S. energy
consumption is still fossil fuels. Terssoiaten Residerl

8%

2%

* 1/3 of U.S. energy needs are
imported.

* Over 50% of the petroleum
used in the U.S. is imported.

Commercial
18%

33%

Renewables
7%

Nuclear
8%

Coal Wind, 025% Solar, 0.1%
. ind, 0.25% Solar, 0.1%
23% Geothermal, 0.35%

Biomass, 3.3%
Natural Gas
22% Hydropower, 3%
Petroleum
40%

7/25/14 3
ARIZONA STATE
UNIVERSITY (((CONNECYION ONE

The Electric Grid

>

Above 50,000 V (69 kV up to 765 kV)

Step .

10,000 V (10 kV)

e

7/25/14

7/28/2014
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| Legacy Bulk Electrical System l I:>| Microgrids )

End Use
I S
(high voltage)  (medium voltage % f J

My F % %{jl

SRS e

3
3

-
Ko "?7‘ fI%
n .

=
!
\b
e
5 A
‘o Jarrirziring 3
Ny b
I3 Y
H

That Was Then... ... This is Now

ARIZONA STATE

UNIVERSITY ((((CONNECIION ONE

A smart, sustainable energy system

Co-generation . @ Renewable energy resources

Centralised fuel production,
power and storage

I T wa S N L

Smart energy
system control

H, vehicle

Surplus heat . g

A sustainable energy system is a smarter,
more unified and integrated energy system

7/25/14 Source IEA 6
/ ©o 01

¢ D>,
v 0V
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ﬁl‘li‘!’\fi‘;s\gl\“ (((CONN!:CTION ONE
Point of common coupling (PCC): it is the point in the electric circuitwhere a
microgrid is connected to a main grid.

o

GEN\I'EVF;':SORS A\ ’ CoTR S ELECTRONICS et
/ ! \ INTERFACE(S

VAR ENERGY

pw STORAGE

> \/\—\
POWER | / by
‘@O ELECTRomcs‘-( o Wy
mopuLEes-INTERFACE(S Q DISTRIBUTION | g:f‘@«
T w
\_/
MICROTURBINES SOURCE POWER
aw, SIDE ELECTRONICS| LOAD(S)

TN [ ENERGY INTERFACE(S
Fuel = “¥ STORAGE
Supply FUEL CELLS

Fuel ;
Supply

@ i‘l‘:‘i’\l))l\(:hll al . . . o (((CONNECTION ONE
Micro-Grid Motivation

Availability

Stability

Storage

* Grid connection may allow reducing the need for
energy storage in the microgrid.

* Economics:

* Planned with extra capacity

» Extra Power capacity can be injected back into
the grid

* Grid Use at Night, Reduce fuel operational costs

7/28/2014




ARIZONA STATE
UNIVERSITY

7/25/14

(C(CONNECTION ONE

Smart Grid Infrastructure

ARIZONA STATE
UNIVERSITY

7/25/14

s NSF & DOE QESST Center

— ASU, MIT, Cal-Tech, Georgia Tech,
U of Houston, U of Delaware, ...

— Focus on Materials, PV, and Power
Electronics

* PSERC

— Power System Energy Research
Center

— Focus on Grid and Power System
* Connection One
— Integrated System on a Chip

(( O N
ASU research focus

10

7/28/2014
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Elﬁ'i‘.’\f{;t.?{"‘ (((conuecnou ONE
Smart Grid R&D Needs

Sensors
e Communication

Adaptive Control

Smart System

7/25/14 11

m‘éf:}:fr:‘” CONNECTION ONE
NSF QESST Center «
¢'|uan|:um"d
ﬂﬂqya
sustainable
solar
technologies

{Thrust 2 - Moore’s Law for PV

¢ Reducing Power Electronics Feature Size

|
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Technology Roadblocks:

(((Tcomnecrion one
Integrated Electronics

Switches, Sensor, Converter, MPPT, Communication

MOORE'S LAW “Transistor density on Integrated circults doubles about every two years.” *

Sensors Switches (FET) — 10508 10908 20008
Transformers, S o = o g e
Inductors, Capacitors ‘ P
Control / Communication

ARIZONA STATE
NIVERSITY

Source: Nationa! (SolarMagic)

4 } } ' | 1 1

2007 2008 2009 2010 2011 2012

Source Yole Development

7/28/2014
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Pt ((( CONNECTION ONE
Smart Grid Sensors — 2mmx2mm

Current-to-Digital Sensor

+ ;, Boost
/" | Converter |
I(‘n
I IDC Digital
output (K)
Controller s

7/28/2014




E.l&'l‘.(f.'::.*;:"‘ Overa” Improvement <(<§'<;ONN¢(!‘(>NM:
Decentralized Micro-inverter
Efficiency
* If one panel fails: 10-20%
Improvement 150%
* Shading: 10-20% 95% 83%
Improvement
* Integration & & 8% ﬁ

Inductor  Cap Size Efficiency Reliability
Size

m ARIZONA STATE
UNIVERSITY

Micro Grid Testing

7/28/2014



PRSI (@ omecronon
Joint ASU & UA CIAN & QESST NSF Project
Disaster Recovery Network & Energy System

Reconfigurable Optical Network &
PV system For Disaster Recovery

* Sensor to Control system

* Intelligently optimize for maximum
micro-grid efficiency

El ARIZONA STATE =
UNIVERSITY (couu(cnow ONE

QUESTIONS

7/25/14 20

7/28/2014
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ARIZONA STATE
UNIVERSITY

Net metering measures both energy used from the grid and excess
energy produced that is sent to the grid

&9  Understanding NET METERING

FPL.  Solar Photovoltaic Array Example

(CONNECTION ONE

\J

The energy is used in your
home, school or business

The Bidirectional Meter
indicates energy usage and
excess energy produced

.,

(3]

-

The inverter converts the
electricity produced by the
solar array from direc!
corrent (DC) to alternating
current (AC) tor use in your
home, school or business
and measures the energy
produced by the solar array

Solar array
converts
energy from
suntight into
electricity

Utility pote/
distribution line

s meter only measures the ~ excess energy sent to t
energy produced by the PV system

7/25/I§?urce FPL 21
ARIZONA STATE

UNIVERSITY (CONNECTION ONE

Bi-directional meters are available for transformer rated meter
installations.
“N” type meter (net metering)
Bidirectional Meter

7/25/14 22

7/28/2014
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Solar Technologies

o Daylighting //,’
o Passive Solar

Heating /

o Active Solar Heating

oConcentrating Solar
Thermal T
oPhotovoltaics (PV) .
4
7/25/14 23
ST (@ommeoronon

PV System Components

b ]

Solar Array .

Battery

Inverter

7/25/14

7/28/2014
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thl/‘f:;:]::r\“ (((CONNECYION ONE
PV Array Fields

7/25/14

FIGT«(':;:I%W C((bounecnon ONE
Power Tower

7/25/14 26
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PRI oS ((((
How a Power Tower Works

Heliostat
T

Steam

5 Heat Rejection

7/25/14 27

ﬁl ARIZONA STATE
UNIVERSITY << CONNECTION ONE

Questions

7/25/14
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